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(54) SEMICONDUCTOR DEVICE AND OPTICAL SEMICONDUCTOR DEVICE COMPRISING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor device and 
an optical semiconductor device, e.g. a laser diode, having a 
current uninjected region contiguous to the contact layer in the 
laser diode between the contact layer and the end face of the 
laser diode in which local heating due to local increase of current 
density is improved and failure of the device is reduced. 
SOLUTION: A relation d/w.[1-w/(w+D)]<20 is satisfied among the 
thickness w of the contact layer and a metal electrode layer on 
the current uninjected region, the thickness D of a plating layer on 
the metal electrode layer, and the distance d from the end face of 
the plating layer to the origin corresponding to the boundary of the 
contact layer and the current uninjected region assuming that the 
direction from the origin toward the inner part of the laser diode is 
position direction and the direction from the origin toward the end 
face of the laser diode is negative direction. 
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mzimxtmicmfr *> -n^^-n^ t l . ijfam.£> 

/w • [ 1 -w/ (w+D) ] <2 0CDM^SSSTS 

j:5&tf^3ftri>&¥ig&fvwx 0 

[ f»#JS 2 ] miaffiSI d wmzJEftfalc b-?4 fa* 

[SWOB 3] wfiaffifKd^H-riaft^rsitc^sn/cif 

i tBm&tmttr'U 
[iiMas 4 ] Buiamm d AiBfriaft^-|6]ic 5 -7 a >? u * 

fc##WKW«. 4sJ:C>*B«iarg14)li^©iRM^<h?r 

^T*oT, Mia KH±K:iaa3nBuia?si±)i 
ia3>^ hJiccK^LTiagsnBuia^iiitx^© 

ZD®* ?*m*ffiz. mz^*^*? hmtmmtfix 30 
Ymic^^^JE^t Ltcm&K., Buia^ ■? 

+H©fflffi©ButeM*>60iE[Bd*s. d/w [1- 
w/(w+D) ] <2 0©M^*«S^-S«fc ; 5«:^3 

[11^16 ] mi?.?? ? FH. FJBfciWi 
G a A s , AlGaAs, AlGalnP, G 
alnNAs, I n P. InGaAsP. GaN, In 
Ga N£&ts>7)l---7frt>&iititcttm-emf8.2tiX^ 40 

i. Pt. Au. Ni. C r^tsiffV-^fbmiitl 

mums] mizmm#tZAmmK zommtcBm 

<t. MI33>$i' Kl«:^LB!Jia#)imSe*ii[gHU 
13*7? FUKg^ttS^S. Ii«ia=i>*? Ml=£l& 
*L/ca5^KSS£PI±Jl«r^^-S^a. fiisanv** 50 
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[t«^9] B«ia^©iR^*5. ^ommicnmz 

[ i o ] mmm. a ami^L-nnvi 57^0 
*-$vc?twe&zt\ temxm 5 a> e> 9 ©HftaHciais 

1] mria^aid^i2^(Sj{cg^3*i)t 
t»*^5 *»e> 9 ©ffifta^aatg©*^**^-^ x„ 

[IftJjai 1 2 ] taiaiS^ d ffiwi&SctTfaK. 5v-f>D 

y - 5? t wmz nfctf *a 1 1 e*©****^* 
x. 

[000 1 ] 

mm±(Dmm^m] comm. *3wtf , 'U an* 

[000 2] 

[£E3fc©Btfl5] U-ff-f*-FOiI4*l»it/T. 
^65«S«:J;SJgffllS^ (COD : Catastrophic Opt 
-ical Damage) Ifiibh. C©^S^«tCJ:S^®^« 
Zffi<'tc#>lC, U-1fy>(*- FCSffi^t^SPfC. 

[0003] C ©^«j&«^#eRiR^-C* 0 . U— !f 
y-Y*- FrtCrSttdiU-lf^W^-KC^ffii©?^ 
K. SttdiO fe^J^ifI©A#^^5r^L. U- 

•tf^©®nx ; SrM<-r«fc^(cbfcfe©-r*s„ c©^© 
iR^«. mrsarittaiifetc^^ i; F@«:J:-cra*3 
ft. ceo??-; FH±«c« % fiier£14B©±gPKfig-r 
S3>^hii, Bufa7fei^tR4si^©±g|5«:Htria3 > 
f i' ns«:ffiSLr(4s-rsma£^A^*^fiS$ft 

S. Cft6©n>^i7 h@*jJ:o-miS#RiAM^«, ^ 

ssesjci^rsftft. £tcc<D£mnmm±.Mts 

f+H*^fi£3ftS„ Cft6©^ --'+B*J<fca f #^S@ 

n«. iuia=i>^d' vmtmr&f^-j FH^^-urstt 
tam^pa a^^« . ^©±© mi?&mnmmfr f>^<r> 

**M»{CL-C. ^©*>7 r -r>^B<££5EK:b*p4> 
iS< So/ctoKffll^ftS. 
[0004] 
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F©^ffi&cK*Jg|ffi£0i&T&fctf>. — ««:. 

fc* ntc m x *<D±mc&&? zmmm xmmi> . 

imifc^&ASI^.fc©^!?^**. U— If^*- F© 
[0 00 5] L#>b. C©<fc5&y ?*H©gEg«:*}t,> 

[0 00 6] C©^». C©<fc ^&JI|g|5lft&mi£«S 
©t#A> ©SSlftfrflfS£&#U ^tUcfl^^'-fX© 

[0 007] g/c. c©fgBjj«, B5id©J: 5 tem&Wj: 
[0008] 

®ic&-ox&&-??>m2vf<D&mimm. ts£Vmii& 
eimffi®©±{c0fiX3nMiS3>^^ hJii^^A 

^iS£©^S£/S§U$<t U C©J®*>6B9iem?fe^A 

*)!©^®©BufB/SC*>£>©HI$id#. d/w [1- 
w/(w+D) ] <2 0©H<l€r^a-rs<fc i 5«:g^$ 
tltcb<DX$>2>. 

[0009]l!fc. CC&BJKiS^ttT^'WXtt. 
HulBffiBf d #HufBIE:fr|SjCC 5700^- £ JJlT£fa3£ 

fuiaffigt d *iB?fE^ifi]K:s^ $ titc i><ox $> z „ 
[00 11] Sfc. C©#PJ{cJ:S¥«#x^Xtt. 

/c&©r*s„ 
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[0012] *fc. CC^HjtcJ;^*^^^^ 
tt. ffittJi. c©r£ttBK:|^0Ts&W6ftfc##?&»R 

r. imLV^v FB±tci5g^nB«l2?Stt)l©±gp{Cti 

> * ? b m t mmmAmmzm. *> m s wo^iii 
io naia^KiA««t<!:©^isi^e>3f5£ffi»i!tnfc(4a 

e>friamffi#aA^^tc(S]^ 5 it, ffire 

JSWH*> e.MIB3 > $ h m toft fr*> *[6)*IE*|SJ i L tc 

m£ic> miiB^ f *Ji©fflM©Buiaji*>e>©ffi5»d 

d/w - [1 -w/ (w+D) ] <2 OCM^SI 

s-r ■& <fc 5 tenses n/c t ©t?* s„ 

[0013] coi6W«:j:***aM*^<-fx 
«. ffl£>9vv FJB. 3>^i^ l-dfcctyfrSffil^. G 
20 aAs, AlGaAs. AlGalnP. GalnNA 
s. InP, InGaAsP. GaN, InGaN*^ 

[0014] Sfc. C©«l3{cj:43t^|«:^/WX 
«. B?IB^ISm®l*Jj:OV -j*mifi. Ti. Pt, A 
u, Ni, C r ^tsif)V~-fifihmUtitc^mxm^i. 
2tifci>(DX$>Z. 

[0015] £tc. coy&viicjizyt^m&rx-J x 

x>5? h@-s©-Y*>ztAK<tSffifi!n'fk. s?IB3> 
30 h^5:I^SLB9lB^@im@)S5riaSHUiai''7 K® 

[0016] COliWtcJ:******^^^ 

tt®*Mf*mbTs^ffi. mffimm*x-v*>vi,x 

fcfc©-C*6. 

[0017] C©^K:J:4*^tt^<-fX 
tt. 8ifffi8Ellld*J«rfBjE*l$lK:5v-< ^d^-^rjaTi 

s^^n/cfc©-^*^,, 

[0018] gfc. C©»B^{c«fc4*^«c^<^x 
«. l9IBSeSSd*iB5ia^[fi1K^3tifc4>©-C«)S. 

[00 19] 3 C©HII(Cj;5»il^W^ 
«. HaSB^SI d a^lBil^ free 5vWi7a^-*iS:S 
$n/c4>©-C*5„ 
50 [0020] 
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busk H2t«-©Kffierc*4. c©*i(t?^'^ 

iffi 1 0 afcJ:Wt*it»rtrt-*±^B! 1 0 b4Wl, 
-SOSIl'Oc, 1 Od*WU 3 6tcy 

»©»ioe k iofSrW-r-6. cn^o^iio 

c, lOd. 10e, 10fH -)x^«:^*IBLr» 

[0 0 2 1 ] C<DU--tf*-f*- F 1 0«, T^ffil 0 
atiBSTrSGaA siffil 2, *©±B*BIK:«atS 
hfcnfOAlGaAs (7^5-$A#y tfABHS) 

mmm& \ 8**a,tc>&. xmrawti h 

U-tf^*- Fl OCtfgffil 0 c. lOdtcmmhic 20 

coamuMMi 8tt, u-ify-r*- f i o 

(DSSlOc, 1 0 dfcBftU "IBA*fcr>T*(D«ffi 
1 0 efefefffill 0 fSTgtftl^. 

[0022] mm.wm 1 8 <k 5 «c 
n*. loosaa, mmwmmi 8 4&s««cct> 

r£14Jii 6*««Ute«, c©Ii^i 8cc*j^r, r£tt 

[0 02 3 ] XA*ftflttt 1 8 *JB«-T *80<O*ffitt, 
j&MttfMl 8 4tt*««ccfefigttflil 6*JB«Ufc 

©SS^ 1 8 Cc % j£f£A 1 6 J: 0 fc£SM?PicD*# 
*«6i&tr«tt. * fcttftMRflM l 8 <h ttStttftc 

■© jB»»&3it»i»iB*ifc < -r * c <t & -c 

[0024] rgffli 1 6 tmmtomm 1 8 ©icci*. 

*FJM2 0CC«\ »; ?S^»ifi&2 CCD 50 
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y *«*sa»2 ira. u-ify-f*-Fi o©±£ffii 
o bte* f y ?^j{«c«i#^rBS3h, coy* 

^f«B2 im^r«^7 7 FH2 0*5ffi©ap»J:0 

$882 l<DHffi2 1 a CCtt. G a A s (#U AffltfR) 
3>^^hl22i 4 «Sfc*aA««2 4 3^JBflESti-C 

c»a. y » 2^wfiB2 i coisMcDjaaasct y * &mut 

2 1 cofljffl, ** cfctf* ^ * FJB 2 o © y * ^z»&g&2 1 

ewo±Bi«, -r^riw»«i2 6-ciit>nri»*. 
[0 02 5] mmmxmm2 a 02 ccsw j: 9 

tc, y 9 2?VttB2 1 C0HS2 1 acefce^r, u-if y 
-f*-F 1 OCDigffil Oc, lOdCcBSLr, J&ftft 
8K±K:«tt*ffl«K:»«stirt»*. toil 
i»SffiA««2 4«. u-if#^*-Fl ooiMl 0 
c, 10d^, (BAifcot, y yt?ai«l»2 1©H 

KDUffiCD, flK«*aEA««2 4*|»<aKMi. n>£ 

$2 vmz 2©«iib», u-iry-f*- f 1 o<dssh 
loc, 1 0 d a» & . Efit a t mmmsttctf y ? ^ag 

[0 02 6] tfitHR2 6©±H&i, iCCAu (:&) ^6 

«c*&K«Bi2 8K:j:orat>tir*5 0. y^t^iift 
SS2 1QHB2 1 att, «OHaflb^lBitM2 6 T?mt> 
tlTC>4*«, -e©**CCJBJ5RSn^:3>^^ F?LO*«: 
Wt«2 8 36qBfiSStir^ttl^fc*. ^ISm®H2 

8*«3>*^ FTL^uriSfiy 9^«a»2 lomao 
2 i a«:g^-rs«gi^orc^ 8 coy y&miat 

2 1C0HS2 1 aCC4oC^T, ^11112 6^ 

^ HJ12 2 4«SB^A«i«2 4 4«^<t9Cc»fliS 

±Ktt % Au (^) frtt&M **H3 0jWfra$tt, 
CO^^+JH3 0«. y ?yaittK2 l©±4dJ:CK^cD 
WWJO^fll«ffiJ12 8Cca-&Urt^S. C(D^^*»3 

occ«. H^b&c^ i — tf y^*- F(c^r«n« 

[0027] ftfc H^LttC^. U— !fy-f*-Fl 
OCDTiSl 0 aCC«. U-ify^*-F©B«5^J5S 

[002 8] «M#OA««2 4 tt, ^<D±K??£ET£ 

^amffia2 8*^, ^©T^??SE*r^^^^ f@2o 

W4(t m«» C©W»KEA«i«2 4 < !:tt*fll« 
tcfen>^^ h®2 2*JgfiRL//c«, C(DM^CDn>^ 

JBflESha. *fc«yteA««2 4ta*«««:fe3 
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F12 2*j|$l£l/fcf£ > C0«1S2 403>^^ 

v FS2 0^S«3'l±^j*K:ct:-5>C<bfc-C^^o CCD 
pBA 1 GaA s 9 F12 0 

12 8±©HI0CiK(,>:i---S 9 £n>£^ F£^x.£<£> 
t, :&Jim«f 28^6^79 F12 0 <\{C®&or>riA 

[0029] nmt&Am®2 4\t, MIE©^ 
KmmtfZAtm 2 4 1 a *> a > * ^ hb 2 2 

[0 03 0] jt 9 *1 3 0 « % -€-©H*«:affi3 0 a . 
3 0b?rW^ o C(DffiB3 0a, 3 0bii, U-lf^ 
-f*-K10©38ilOc, 10diWt*0, C<D 
SffilOc, 1 0d^6BfJEre«lft:». u-ify^*- 

v 1 o<o^mcm-otctc^c&mLxi^ 0 cos? 

^13 0©SI3 0a, 3 0 bCDfia^COCir, 03 dC 

5w<»:5ec % ■j?s^ntn2 ioum -ra*>%u 
-tf *-f*-F i ooagffii o c, i o dcciE^-r^^r 

f^CCfcC^T. n>£^ h»2 2imSfelNiiA^2 4<b 
©»»BCC»[£T4{4«*/H^0iU. iS8ffi3 0a, 3 
0b©C©JDR*0 3&>€>©iSlltd*, U-1fy-/*-Fl 

OfDrtaucnfr^vOK M2 2ccft 

F10(DSI10c, 1 0 dCC^^^j, -Ttt*>%« 

8e*^««2 4oc^5*w*ft*eiiLr. jatr 

2 l<Dffi3$<D»rffi£*U u— «fy-r*- F 1 0<DffiW 
10 c, lOd^lotDfltClfct^L, £/c^9* 

13 0<D*Sffi3 0a, 3 0bhm^cmt2tclr>(Dmm 

[0 03 1] H3©<fc5 0c^ 9*»3 0©SB3 0 a* 

3 0 bOtiLKffCt«rjeauyfcl»^CC*jC>r, S8BB3 0 
a, 3 0 bOffi«CC»j£Lru--!fy>r*- FOttW* 
^Hl'JU/cf r -^^S4^7S-ro B4 9* 
■*BffiB^tt*iSTfe<Dr, H4 0XiMay 

3 0 (D^gffi 3 0a. 30b (DffiH** U JRMiO MKi* 
»B©JU:«:aB3 0 a , 3 0b 3Wffft***i^CC«S 
C©jBO£0*6fi«tt. Si30a, 3 0b« 

U *fcja^0^62Effl!J«. 3gffi3 0a, 3 0b^HflB 
ft#fi»c»«& L fc»^Cc*j £ JK£ 0^6 ©ffiffi*^ 
To cn6<DffiHt©#(i». v-f *a,*-£-C*5. B 
4CD^#« V MMC^LfelUHcy 9^rlil3 0 a. 
3 0 b£WT£*ft^tt<DU-1f^*-- F<0»BE|5* 

[0 03 2] 84©^-*^ ^-^13 0^111 
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^I30t4. 07OP^-^r, ^JS^SJf 2 8~C 
0. 25v^py-^, *fca>^^H224pi 
GaAs (#U9AWR) rflWSU ^(D^jl^r 0 . 2 
W^n^-*. *fc^7?Fi20*pJgAlGaA 

s (rjH^^A^'j^AiB) rutesu 0H±t^9 

+]13 0<!:^]im@]12 8(DJ:bffiCi^^n^n2. 4x 

1 0" 6 A-fe>^-^ 3>£* ha 2 2CDttS 
!a*6. 3X10" 9 *-A-fe>9^-#, ^ 9 Fl 

2 0©JtffiSI*0. 1 3*-A^>9^-£<tb/d££" 

[o o 3 3 ] S4cc*jc^r, jhbj^pi, -r«c*>%iBB 
30a, 3 0 b#0*>6+2 5 W>;ny~£Kft/c 
U-tfy-f*- Frtt, 0 0^— fe> F<tfc 

r^r<Du-ify^*-FcciW3W«^Lte. mm 

^P2 k t^«I3 0a, 3 0 b#0 + 1 5 

^-f^ny-*«nfcu-ify-Y*-Fr», 

4 0^-Hz>Ffc<STU *W^P3, -r«cto%»B3 
0a, 3 0 b*«0**>6 + 5 v-f ^P^-^dti/cU- 
1fy-f*-F, £fcS£a9iSP4. f&^Sffi3 0a, 
20 3 0 b^0^>6-5v^^uy-^atti/cU-tfy-Y 
Frtti*>ccjft»*«o^-42>hi3tcO. 

[0 034] C(D7 : -^(CO^-C#i-ri, 0 ^1111 
2 8 <Diiffi$Kt Jt^T, 3>^^M22, *5«fcO^^ 
y FJB2 0©JtlHatt, «it^0C;*#l»fc«>. £BH® 
12 8i3>^^ M2 2 iCDJ^ffiTte, 

gastc?f»^6l&«^«^4©»y 9*13 

or*5^ ^Hii2 8 0S3J»(DH 4 ±ec^9 
*JB3 0^?MEr4»»-Ctt. i:kS!£©ffil>:£JSmffil 
30 2 8<DrtgB«^^ftCCMoT0 3(D^&^ (x^" 

aEL^l^KMffiH2 8(Dgp^«, ^^13 0©gfi 

T&a5##»e>, o. 2 s^^^a^-^co^^cDasi^ 
^ 9+13 o^#SE-r^a5^fe, y^i3o*m 

ttC^aB»fe, i*>CC^Hm®12 8i3>^^ FJ12 2 

^9+H3 0(Dffl®3 0a, 3 0bCDffl^Cfc^^ 
y 9*13 O0#Sl^^Slfii2 8©*t, ^35 

W^03ote&^ (x^) <DSSfeffig[^iS< ^-So 

[0 0 3 5 ] y 9*13 0CD^B3 0 a, 30bcD(4g 
*H3<D<fc^tcSa^WT, *<OO*>6©g0i*d, 
^/c^JimSl2 8<DH$^rw, ^ 9*13 0CDil?^ 
Dit^i, ^ 9*13 0CDffitS3 0 a. 3 0bT*CD^ 
(x^loj) ©**ffiRJ m», ^9*130<D# 

aEr*a^cc*5»i±T*ft (y^j) <d®&ssj * 

50 ^Sl<D<fc^{Cl$tl^ 
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[0 0 3 7] COS 1^6, ffi»d*/h3<-rS^ M 

Ufa. ?*M3 oznmmAmM2 4<d± 

-*?*»3 0<DiSffi3 Oa. 3 0 bCDfigr^asmS 
[0 0 3 8] H4(D**-irK:-X»r, fSM«&P2CCJt 10 

<^ *MjaP l k*jc>t«, u-if 2V FCcAflsn 
ttffiKtt (COD) »jfS£l/ftC». iCW MSLh# 

«:j:*«*:iH**iH** 10005 »;r>-<T^-emgS 
^gC6ftC^ 4 S£1»J«5P l(c«LUUmftULJb#r 20 

pi^^L/ Co ^9+i3oojai3 0a, 

30b(?)0 *K*hr 4B1 d#t. 03 ©jE#r*!K:» AT 

m<-?ctic£<). u~iry^*-F©«*tt*i*±-r 

-C&D, «Mfttt-rf ?*J13 0<Digffi3 0 a, 30b<Df% 

[00401 16 (a) (b) e«d*iE*flIK:2 
To 06(a) «03(D2E*r£ft (x^) (DUS^S 

(r>^r/¥^-fe>^^-^) stems (b) » 40 
^-*> *svr. mmmtihu— w*-f 1 o<d 

ffllOc, 10d*P6, ^^13 0(DSl3 0a k 
3 0 b*r<Dffi«4jSUT(i>*. ^^130, 
©128, 3>^^hl22, *SctC/^5 v b'M2 0<D 

AS§2 4© 4 gllOc, 1 0 d^e><D^glA«2 0 
30©#ar^r*5 o C(D06 (a) (b)Kcfc 50 



^ ^Ji3 0(DSI3 0 a, 3 0 b<D{igfc::te^ 

9*13 0 (OTSPCDiT*^ ( y #|nj ) © W«SBMCtt 

[004 11 17 (a) <b) tt. S£iSSd = 0, Ttt*> 
ft-* 7+13 0(DS8ffi*JS,£0&C— S3ttfcU-1f2W 
tf-Fttlotvc. H6iBI«6c. *rtSP<D«iJfcffi 

J:0IB««:gt«Lfcl6**^r. i7 (a) «03<D£ 

^/ci7 (b) «±T^ (y#[Sl) ©«* 

ntu-tf f i o(7)Sii o c. iod^e>, 
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